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ABSTRACT 
This study investigates the indoor air quality for enclosed space application using electric 
powered mini excavator. The main content of this study is the indoor air quality for 
enclosed space application that is cause by mini excavator which is powered by gasoline 
engine and by electric motor. The impacts of indoor air quality in this enclose space room 
are ultimately determined by levels of contaminants and comfort parameters (i.e. 
temperature, carbon dioxide and carbon monoxide). There are a number of relationships 
that could be useful in discussing temperature, carbon dioxide and carbon monoxide and 
indoor air quality, such as the impact of carbon dioxide to a worker (i.e. low comfort level, 
body odor) and the impact of carbon monoxide to a worker (i.e. slight headache, 
cardiovascular effect, etc.). In this study, carbon dioxide and carbon monoxide have been 
used as an indicator of indoor air quality due to both to its use as tracer gas for air change 
rate estimation. The study has been conducted on same enclosed space room with different 
type of mini excavator. If air quality and comfort are appropriate for running mini 
excavator powered by electric motor (according to WHO guidelines) and, on the other, to 
establish whether mini excavator powered by gasoline engine is exceed a recommended 
exposure limit (according to WHO guidelines), acquired data is useful in defining indoor 
air quality. 
ABSTRAK 
Kajian ini mengkaji kualiti udara dalaman untuk situasi ruang yang tertutup menggunakan 
jengkaut berkuasa motor elektrik. Kandungan utama kajian ini berkenaan kualiti udara 
dalaman untuk keadaan ruang yang tertutup yang merupakan jengkaut yang dikuasakan 
oleh enjin petrol dan motor elektrik. Kesan kualiti udara dalaman di ruang yang tertutup 
ditentukan oleh tahap pencemaran dan parameter keselesaan iaitu ( suhu, karbon dioksida 
dan karbon monoksida). Terdapat beberapa hubungan yang boleh boleh dikaitkan dalam 
membincangkan suhu, karbon dioksida dan karbon monoksida dan kualiti udara dalaman 
ini, seperti kesan karbon dioksida kepada pekerja (iaitu tahap keselesaan yang rendah, bau 
badan) dan kesan karbon monoksida seorang pekerja (iaitu sakit kepala, kesan 
kardiovaskular, dan lain-lain). Dalam kajian ini, karbon dioksida dan karbon monoksida 
telah digunakan sebagai petunjuk kualiti udara dalaman kerana kedua-dua kepada 
penggunaannya sebagai gas penyurih untuk kadar perubahan udara anggaran . Kajian ini 
telah dijalankan ke atas ruang yang tertutup dengan pelbagai jenis jengkaut. Jika kualiti 
udara dan keselesaan adalah sesuai untuk menjalankan penggali mini dikuasakan oleh 
motor elektrik (mengikut garis panduan WHO) dan, untuk menentukan sama ada penggali 
mini dikuasakan oleh enjin petrol adalah melebihi had pendedahan yang disyorkan 
(mengikut garis panduan WHO), yang diperolehi data berguna dalam menentukan kualiti 
udara dalaman. 
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CHAPTER! 
INTRODUCTION 
1.1 Background 
World Health Organization (20 1 0) reported that, indoor air quality, especially in a 
place very heavy emphasis on the point, because people spend more time inside than 
outside of the house. Polluted air in an enclosed area will usually be worse than outdoor. 
According to ASHRAE, Standard 62. (200 1) usually place of work is owned by a company 
which is protected by the labour law, the policy is not applicable to this (i.e., study place, 
market, swimming pool, shop, clinics). 
Mendel et al. (2005) reported that the children, adults and the elderly are usually 
the most susceptible and have a great potential to expose to danger from indoor air quality. 
According to Mendel, approximately 25% - 30 % of school students starting from 
elementary school to middle school to spend time in the school building. Furthermore, 
productivity and focus of the students will also be affected as a result of air quality that is 
very dirty and will cause the temperature increases, the air becomes humid and high carbon 
dioxide concentration. 
Productivity and attention during the work will have a major impact on business 
costs, and indirectly associated with convenience while working. Comfort is not the same 
work among the workers and other employees, because at work is closely related to the 
person's physical and psychological. It depends on many factors including the type of 
clothing that is in use, the type of activities including a set of environmental conditions of 
the workplace. Usually, greatest scorer range is 70% - 85% of the number of employees. 
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The feature - which measure includednoise, vibration, ventilation, air velocity, humidity, 
and temperature. These characteristic are the most important to measure employees 
satisfaction during working and also will effected their psychological. If employees 
psychological is good, of Couse productivity will directly increased. 
Most of the heavy machinery that uses fuel , petrol and diesel has been releasing 
large amounts of carbon dioxide during the operating lifetime of use. Campaign reduction 
in fuel consumption of petrol and diesel in particular has a major impact on the reduction 
of carbon emissions. And with this campaign, there have vehicles using the hybrid system 
more efficient and more environmentally friendly when compared with systems using 
100% fuel (Hiroaki Inoue, 2008). Air pollution increasing global temperature has become a 
major issue which is very serious in the present. Figure 1.1 below shows the example of 
excavator working in a building with enclosed space area. As a result of these, enclose 
space working area of these excavator will be filled with C02 pollution, temperature 
surrounding this area will be increase and a poisonous gas such as carbon monoxide that is 
a by-product of incomplete combustion. 
Figure 1.1: Example excavator used in enclosed space. 
2 
By assessing the carbon dioxide readings indoor air content of an enclosed area, 
ventilation and indoor air quality can be determined precisely (AHSRAE, Standard 62-
2001 ). but with the passage of carbon dioxide alone is not sufficient to provide an 
indication of good indoor air quality, and regularly assesses the carbon dioxide, it can be 
used to assess the acceptability of a space in terms of people comfort and body odour (the 
level of carbon dioxide will usually be associated with a very moist air). Take one 
example, the carbon dioxide produced by the movement of the residents of the area a 
closed environment: the rate of air exchange can be assessed by the method draws air from 
outside the region, can reduce indoor air concentrations of carbon dioxide. This shows 
clearly that natural ventilation is not effective and not adequate to ensure that carbon 
dioxide levels remain below acceptable limits include ingredients that are very dangerous, 
whether from within the room itself or from internal resources itself. 
Air humidity and temperature is closely associated with comfort, because there are 
many complaints regarding the freshness of air is not satisfactory. Most of the problems 
are not satisfactory due to the heating system is not maintained and not maintained 
properly, the ventilation system is inefficient and faulty air conditioning system. In 
addition, the use of chemical detergents, disinfectant products and aerosol products also 
affect indoor air quality. Unsuitable temperature conditions along with moist air that 
affects this issue terumatanya regarding comfort while working. 
The presence of carbon monoxide can not be realized because of the air is odorless, 
colorless and it went unnoticed by the workers (Langston et al. , 2010) and this gas is likely 
to be released into the environment from natural sources or machinery. This gas is also 
produced from incomplete combustion of fuel such as gasoline, wood, coal, natural gas and 
kerosene (WHO, 2010). Most industrial plants in the area, the vehicle has an internal 
combustion engine and the industry is said to have a major impact on the level of carbon 
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monoxide. However, the air quality in the building is heavily influenced by cigarette 
smoke, burning wood stoves, fireplaces and other fossil fuel burners (Chowdhury et al. , 
2013). Exposure to high readings of carbon monoxide in an enclosed space is very rarely 
encountered and if it happens it is likely that someone close to sources that emit carbon 
monoxide itself (Chaloulakou and Mavroidis, 2002). Readings of carbon monoxide gas in 
an enclosed space, usually not exceeding 30 ppm with regard to the common environment 
and with natural and effective ventilation system (ATSDR, 2009). If there are no sources 
of carbon monoxide in an enclosed space, for example in the home, in libraries and in the 
office, from external sources can also affect internal reading concentration of carbon 
monoside (Zhong et al. , 2013) with indoor to outdoor (l/0) ratios generally around 1 
(WHO, 2010). 
If a person has been exposed to carbon monoxide gas in a certain period of time, it 
will affect very dangerous to the respiratory system of a person, especially to the lungs of a 
human system. It also depends on the current health of an employee. If an employee was 
having trouble breathing system then it will impact very badly (WHO, 2010;Reboul et al. , 
2012). Among the significant impact the results of overexposure to carbon monoxide is a 
gas, carbon monoxide reacts with hemoglobin blood molecules and will produce 
carbonxyhemoglobin (COHb ); the effect it will cause the supply of oxygen to the brain and 
organs - other organs in the body will decrease. Reading the concentration in the blood has 
been used as a guide to health if an employee is exposed to carbon monoxide. The result is 
a range of symptoms has been produced as a result of different concentrations of COHb in 
the blood of a person. Typically, the feature - and the symptoms of carbon monoxide 
poisoning will exist in COHb reading between 3 to 24%. Conclusion, symptoms of carbon 
monoxide poisoning to exist in COHb% more than 3 percent in the blood of someone who 
has been exposed (A TSDR, 2009). 
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1.2 Problem Statement 
When using excavators indoors, there are a few things to consider. Firstly, the space 
of an enclosed location is limited. Usually this means usage of smaller sized machines. 
Secondly, when working in enclosed spaces ventilation is usually weak. Additional 
ventilation has to be built for the exhaust gas outlet. This means that work site manager has 
to make plans and build additional ventilation, thus makes the use of an excavator indoors 
considerably more expensive than outdoors. The need of additional ventilation could in 
some cases be avoided if the work machines were powered with non-combustible engines. 
Agriculture, construction and general industry employees are exposed to carbon monoxide 
(CO) when using fuel-burning equipment indoors or in enclosed spaces. This toxic gas 
may become dangerously elevated if the equipment is not properly maintained and 
ventilation is inadequate. Industrial lift trucks, automobiles, aerial lifts, floor burnishes, 
generators, power washers, compressors, concrete cutters and concrete trawlers are some 
examples of fuel-burning equipment that emit this toxic gas. This study a1ms to 
investigate the indoor air quality for enclosed space application using electric - powered 
mini excavator. 
1.3 Research Objective 
The objective of the study is: 
1. To investigate the differences of Indoor Air Quality (IAQ) affected by electric 
powered and gasoline mini excavator. 
1.4 Scope of Study 
The types of machines that will be used for this testing are as follows: 
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a. Gasoline type mini excavator (Kobel co). 
b. Electric powered mini excavator convert from gasoline type mini excavator 
The types of investigation testing are as follows : 
a. Comfort issues and Productivity: Common measurable characteristic of comfort are 
temperature and air ventilation that is carbon dioxide. 
b. Health and safety issues: Common measurable characteristic of health and safety 
issues is carbon monoxide. 
Several parameters must be set for both testing above, the parameter are as follows: 
a. The distance of Indoor Air Quality meter is located 20 feet from the source. 
b. The height of Indoor Air Quality meter: 
1. Floor level. 
11. 160 em from the floor. 
111. All measurement will be taken from 2pm - 5 pm. 
Then, the effect of comfort issues, productivity and safety and health issues can be 
analyse using graph from Microsoft excel. Comparison between both will indicate how 
significant the effect of indoor air quality by gasoline driven and electric powered mini 
excavator. 
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CHAPTER2 
LITERATURE REVIEW 
2.1 Indoor Air Quality 
Rao (1996) reported that indoor air quality readings are too low has been confirmed 
as one of the five most significant risk to the health of workers at work. According to 
Heinsohn. (2003), the Centers for Disease Control and Prevention (CDC) estimated that 
most people in the United states spend about 90 percent in the building. on average, as 
many as 40 hours a week of time that has been allocated in an organization in an office 
building. In addition to working, between the activities undertaken during the office is 
drinking, eating, chatting, meeting in a closed environment where the ventilation system 
taking fresh air and recirculated air plus. Due to this situation, some experts think the 
future will be more workers who will suffer the effects of pollution in the building 
compared with outdoor air pollution is caused. 
Each building has its own unique design. Air quality is determined by the design of 
the building, and if there is renovation work it will also indirectly impact on air quality. In 
addition, among the factors that affect the quality of the air density is the number of 
employees and the type of activities carried out in the building. Indoor air quality problems 
can result from a variety of sources and a combination of several factors. Ventilation air 
system which can lead to bad air quality is not good especially with the building design 
such severe conditions that prevent the entrance of the building's roof fresh air, the location 
of buildings that do not fit and so on. 
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Most of the problems related to indoor air quality caused by the air conditioning 
system is not maintained according to schedule and cause the temperature inside the 
building is not comfortable, the air humidity in the building is too dry or too humid 
especially with the environmental conditions that have air that is polluted and this will 
further improve air quality readings are dirty. Usually when the humidity is high, an 
employee would feel uncomfortable while working on adding more body will smell. 
According to Daisey et al. (2003) the ventilation system indirectly related to indoor 
air quality (IAQ) will impact indirectly on the performance of student learning in school. 
Furthermore, a detailed study has been carried out have shown that the existence of health 
problems due to air quality system that is not clean. A thorough examination has been 
conducted and has shown a negative result. 
Arif et al. (2016) reported in his review journal that, people has struggled 
relentlessly from the past to the present to keep the area around their work in a comfortable 
condition. In determining the appropriate method to evaluate the comfort, health workers 
have taken a very important thing. If the building design or errors in their design a building 
that could lead to labour problems or negative effects that can create disease, then it is a 
very dangerous and must be taken seriously. Refer to the instructions specified ASHRAE 
(ASHRAE, 2010), studies show that 80-90% of most workers and people spend their daily 
lives in a closed room, and the results of these studies have clearly shown that the comfort 
and health of workers is a factor - a factor intertwined with the design of the building. As a 
result of this there is the impact of the scientific phenomena academic and health-related 
researchers showed interest to study in more detail in this field. The results of the 
observations of experts - specialists in the field state that the effect of discomfort while 
working in a closed room will cause the affected employee productivity and decreases. 
(EPA, 2000). 
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With the law and new guidelines for creating a green building because the law had 
often ignore the psychological, cultural and sociological dimensions (ASHRAE, 2004). 
The findings of careful observation has shown in detail that the neglect of environmental 
quality in a closed room have impact directly on the health of employees, employees' 
comfort and productivity of employees (De Giuli et al. , 2012). Labour productivity in an 
enclosed room which is a large area to be a major focus area to conduct a study by 
researchers and practitioners (Bluyssen et al. , 1995). 
2.1.1 Type of Pollutants 
Below is a type of air pollution that can damage air quality are: 
a. Biological - here are a sample of biological material contamination that normally 
affect the air quality of droppings, feathers, animal dander, mold, pollen, bacteria 
and fungi. 
b. Chemical - here is a typical example of chemicals that pollute the environment 
such as solvents, fuel, cleaners, adhesives, and various by-products of combustion, 
combustion of modem furniture and modem floor and wall coverings roof. 
c. Particles and Aerosols - Particle pollution is whether the material is liquid or solid 
material is quite light and trapped in the air. These particles can be categorized in 
three main categories: coarse particles, fine and very fine. Particle pollution may 
come from construction activities, photocopying, manufacturing, smoke, 
combustion and chemical reactions of chemicals that react to produce particles of 
danger. These particles can be named as a dirty smoke and fog. 
9 
2.1.2 Sources of Air Pollutions 
Air pollution levels are dependent on any source that has a major impact on the 
level of contamination. Air pollution greatly affects the workers involved. If there is an 
effective system that is able to minimize the effects of pollution, it is very nice to be 
practiced. In addition, other factor such as a history of maintenance is very important. 
Among the factors which gave rise to the existence of pollution in a closed room is the 
location of a building placement. The location was a building plays a very important and 
can cause enormous implications on the level of air contamination. For example, if a 
building is next to a major highway, it will have a major impact on air pollution in the 
building if the system is inefficient. 
In addition, if a building is built on a toxic also can affect the level of air pollution 
in the vicinity of the building. The second factor is the design of the building. The building 
design is not nice to be able to contribute to air pollution in enclosed spaces. The design of 
this building as a weak base of the roof, windows that do not fit, the door opening in 
unsuitable locations and so on. Moreover, in addition, the location ofthe building which is 
located on an area that has a high pollution like being in the on-site parking is situated in 
incinerators and landfills rubbish can be a major contributor to air pollution. The last factor 
is the delivery system in the building. For example, air conditioning systems are not 
properly maintained can cause pollution levels to rise in the building. In this case, there 
may be infiltration of vehicle exhaust gas from entering the office space in the building. 
And this will affect the productivity of workers in the building. 
2.2 Thermal Comfort 
A very important parameter for the convenience of IEQ is thermally comfort. To 
ensure that employees can work with excellent productivity and effective, the 
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environmental conditions of their work space must be comfortable in terms of temperature 
and heat. However, a comfortable situation with regard to the environmental temperature is 
actually much related to the workers themselves as sex, race and age in addition to having 
to do with external factors such as the geographical conditions of the area and the climate 
of the place (Quang et al., 2014 ). The normal body temperature of a human being is 3 7°C. 
The temperature ofthe humari body will always remain and this will 37 oc temperature is 
maintained through the process of heat exchange between the body and the environment 
through evaporation, radiation and convection heat (Standard ASHRAE 55, 2010). 
Thermal comfort has to do directly with the energy consumption in a building design. 
Discomfort in workers will create an uncomfortable situation for employees and will affect 
the productivity of workers (Catalina and Iordache, 20 12; Corgnati et al., 2009). There are 
six factors that can affect the thermal comfort in a closed room; four are parameters related 
to environmental conditions including air temperature, mean radiant temperature, air 
relative humidity, and air velocity. Two other factors can be classified as factors such as 
the employee's own metabolic rate workers and insulation workers through clothing. 
(Katafygiotou and Serghides, 2014). 
Factors discussed earlier, should have been considered in the previous building 
which exists in the design of buildings and systems (Steemers et al., 1992). Comfort 
employees is related to the ambient temperature of the climate, age and sex of the workers 
themselves (Nicol and Humphreys, 2002; Smolander, 2002). In addition, other factors that 
could affect the thermal comfort of workers is the location of the building and the building 
typology (Frontczak and Wargocki, 2011). 
According to Standard, ASHRAE 55 (2010) and Standard, ISO 7730 (1994), 
thermal comfort means ''the state of mind that expresses satisfaction with the thermal 
environment in which it is located". This standard has been practicing as a benchmark for 
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designing a building around the world. Building design concept passive in the building has 
evolved over 15 years ago, but the design is only appropriate if an environment colder 
climates such as in Northern Europe, but it is different with the design of the building in 
the countries of Middle East in which the cooling system of mechanical the need to ensure 
the surrounding temperature reaches an optimal level of comfort cooling and employees 
(Nicol and Pagliano, 2007). 
Furthermore, if it is m a tropical environment, buildings typically use natural 
ventilation system and can save electricity consumption. With this, it will establish a 
peaceful atmosphere for employees is surrounded by a relatively natural state (Fisher, 
2000). In addition, the effects of thermal comfort found to be less energy consumption as a 
result of the use of air conditioning and ensure that it works at room temperature (Zhang et 
al. , 201 0). In addition, the definition of the relevant services are different from one another 
and it is also much influenced by the culture of a place (Lovins, 1992). Workers can adjust 
the heat to the environment and their perception of comfort can be defined by three main 
characteristics of psychology and thought, behaviour, and physiological adaptation as 
described by Nikolopoulou and Steemers (2003). 
Previously the researchers have seen a more detailed definition of the principle that 
temperature changes in the built environment (Humphreys, 1978) or had a comfortable 
temperature in the design of the building (Fanger, 1970). There are several methods for 
measuring comfort is due to the effect of heat. And this method has confirmed its 
effectiveness. Metrics for example Predicated Mean Vote (PMV) and Predicted Percentage 
of Dissatisfied (PPD) by workers and it are normal that often is used extensively by 
designers ofbuildings (Al Horr, 2013 ; Papadopoulos et al. , 2008). 
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2.3 Carbon Dioxide 
Marthur et al. (1971) and Persily (1997) said that Air quality in rooms or air flow in 
a closed room can be measured by how much the amount of C02 in the room. According 
to him, in fact, how much the amount of C02 in the room could not give an accurate 
picture of the air quality, however, the reading of the amount of C02 in the room can be 
used to measure the level of how big the room is and it can be likened in terms of impact 
on human for example in terms of body odour and comfort level while working. With one 
example, the amount of C02 generated in a room, the room has a few employees who are 
doing the work, measurements were carried out, air from outside the building at the input 
into an enclosed space, this situation can add to the comfort in the room closed. This shows 
that the system of natural ventilation of buildings is not adequate to ensure that the work 
space is below the safe limit that has been set, particularly from harmful substances such as 
carbon dioxide. 
Menzies et al. (1993) reported that there have been cases in which oversimplified 
descriptions of measurement procedures have been presented and in which indoor carbon 
dioxide concentration measurement have been misinterpreted and misunderstood. For 
example, a study of the indoor environment within office buildings reported no association 
between high ventilation rates, 15 Lis and 32 Lis per person (30 cfm and 64 cfm per 
person), and the rates of occupant symptoms. Dols et al. (1995) however said, the reported 
ventilation rates were based on the analysis of indoor carbon dioxide concentration using a 
simple mass balance equations based on an assumption of steady -state conditions. The 
existence of steady -state condition was not mentions in describing the measurements and 
data interpretation. If the carbon dioxide concentrations in the building were not at steady 
state, the actual ventilation rates could have been much lower by as much as 50%. But 
according to Persily (1993) other misunderstanding like indoor carbon dioxide 
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concentrations can be describe as an indicator of overall indoor air quality, that express 
health concerns for indoor concentration above 1800 mg/m 3(1000ppm), and that imply if 
the carbon dioxide concentration is a space is below 1800 mg/m 3 (1000ppm) then the space 
complies with ASHRAE Standard 62- 1989. 
Marchetti et al. (20 15) said that not only is the level of comfort can be measured 
when the temperature and humidity are taken into account in the measurement in a closed 
room even it may estimate real state of air quality in a closed room. The amount of C02 in 
fact does not reflect the real level of cleanliness of the air in a closed room, because C02 is 
not a toxic gas and even toxic in excessive amounts is very dangerous and will give a bad 
impression. According to him, if the effects of excessive amounts of C02 gas can be seen 
through the example of a physical fatigue, do not settle for breathing and drowsiness. 
However, it has been proven that C02 can be used as benchmarks to measure and confirm 
that there was sufficient natural ventilation system to ensure good air quality level in an 
enclosed space. 
This is evident and clearly shows that if there are toxic substances in the air content 
can also be used as a benchmark to measure how many workers were exposed to 
dangerous substances. Scientific studies are needed to find the factors of pollution in this 
closed room I measure the quantity of contaminated material in a closed room. C02 gas 
concentration levels measured at the maximum level at the rate (1 minute) using a suitable 
measuring device, namely infrared data logger, this device has excellent resolution of 
1 ppm and has high accuracy ± 40ppm. In addition to measuring the C02 concentration, 
this device is also able to measure the temperature in the room, measure the moisture 
content of the air. 
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2.3.1 Modelling air change in indoor environments 
According to Laussmann et al. (20 11 ), the change of air means the ratio of air 
sources Q(t) in a space (eg indoor room or enclosed area) and the total volume VR at 
specified area. The rate of air changing (air movement rate) usually written as A.(t) and 
usually written as the rate of change of air within per hourh- 1 . 
A.(t) = Q(t) 
VR 
(2.1) 
Marchetti et al. (2015) said, To apply this formula, some of the responses to be 
made. The first, assuming that not all gas in the air can be made as a benchmark, and the 
main thing to note is how to mitigate the effects of the harmful effect that does not want 
that can affect the amount of air density. Priorities are: (a) the nature of chemical 
equilibrium; (b) there are no walls that absorb the gas, ceiling or furniture that occupy 
space; (c) there is no means of measuring gas in an enclosed space. Furthermore, (d) they 
were used as experimental area is said to be an enclosed area that has only one ventilation 
system in the area (air exchange rates in the region have a relationship with the external 
environment.); (e) entrance of air and the same air exchange rate without change during the 
test run. 
Through a mass balance equation, time is a function of the relationship between the 
mass of gas and air supplied to the room closed and the air is purged out of the room. 
When the exchange between the air flow in a closed room and outside the room per unit 
time (Q) and remove it from the mass of the gas in a closed room per time unit (E) 
assuming that the cause of the air supply suppliedCa Q + E, in addition, the exhaust air out 
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the room is Ci Q, resulted Ca and Ci the gas detector in the room and outside the room. 
Integration ofthe mass balance equation can be described as follows: 
(2.2) 
Important steps such as the following, namely substitute equation 1 into equation 2 and 
integrate this equation on the left side and the right side of the equation, and the result is as 
follows: 
E Ci(t) = (C0 - Ca) exp( -A.t) + Ca +-;- [1- exp( -A.t)] ~~.VR (2.3) 
Where C0 = CJt = 0). 
2.3.2 Tracer Gas Method 
According to Persily et al. (1997), C02 gas was one used by workers as gas 
detectors. To ensure easy steps to perform experiments, C02 can be measured directly in a 
closed environment. This gas is produced naturally by the body metabolize the workers 
themselves. 
Among the tracer gas is always used as a measurement gas is carbon dioxide gas. 
To ensure the experiment or experiments carried out are not too complex, carbon dioxide 
gas generated from employees can be measured directly. Assuming that the tracer gas is 
directly proportional to the gas that has been existing in the room, Equation 2.3 can be 
simplified to: 
E Ci(t) = Ca +-;- [1- exp( -A.t)] 
11.VR (2.4) 
The next equation is an equation representing 2.4 cases when workers enter the 
work area starts to produce carbon dioxide gas caused metabolic undertook a number of 
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activities that move. If the room is inhabited by workers have poor ventilation systems, 
means that the exchange rate of outside air into the work area is low. Therefore, the carbon 
dioxide gas in the room quickly to achieve high air concentrations. 
If there is no gas tracer that is sprayed into the room, and the gas concentration at 
the level of zero at t = 0, the mean air concentration is greater than the concentration of the 
outside air, and from equation 2.3 gas detection off by a closed environment and this can 
be described by the following equation: 
C (t) = (C0 - Ca) exp( -At) + Ca (2.5) 
Equation 2.5 will outline the circumstances in which the occupants had left the 
room and the carbon dioxide gas that has a high concentration will be achieved. This 
assumption is considered to be the most accurate when carbon dioxide is used as a tracer 
gas. 
Persily et al. (1997) said that the usefulness of carbon dioxide in understanding 
indoor air quality and ventilation in building is based on two concepts. One is the fact that 
people emit carbon dioxide at a rate that depends on their size and their level of physical 
activity. The other factor is that when the indoor carbon dioxide concentration is elevated 
above the outdoor level, it can be used as a tracer gas to study building ventilation using a 
number of well-established tracer gas measurement techniques. Figure 2.1 below shows 
the typical daily variation of indoor C02 concentration level (black solid line). Grey solid 
line refers to relative humidity levels (RH%) on right y-axes. While short dashed lines and 
long dashed lines refers to the beginning and ending of lessons, respectively. (Marchetti et 
al. (2015). 
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From the graph there are 3 main zone of C02 concentrations and it describes the 
scenario happen during experiment. Because there are students of different sessions, the 
calculations were done separately. Furthermore, the calculation and measurement is done 
for the day. In both monitoring, most of the concentration of carbon dioxide gas is at its 
maximum of 1 OOOppm, usually it is had warned maximum acceptable related occupant 
comfort that is closely related to humidity and temperature environments such as body 
odour, and respiratory discomfort, If assessed, the concentration of this air is three times 
higher than the corresponding limit, although the concentration of this air and survive 
instead of being for a long time. However, the high concentration of 1200ppm air about 
three hours and this clearly shows that the ventilation system is not the same between the 
outside environment and the inside. 
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Figure 2.1 : Typical daily variation of indoor C02 concentration level (black solid line). 
Grey solid line refers to relative humidity levels (RH%) on right y-axes. 
According to Martins, Vet al. (2015) from the Measurements were carried out with 
two conditions, namely that the rooms are equipped with air conditioning system and a 
second room without air conditioning system. Results clearly indicate that the air 
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conditioning is affecting both the horse's focus in Wuhu. It clearly proves that the air 
conditioning system can help lower the total concentration of the air inside the train. Figure 
2.2 shows PMX concentrations are lower by 47% for PM2.5 and have a smaller particle 
size. 
--PM10 --PM2.5 --PM1 e Train doon< opan o Train doon< c1os<1 ~C02 ---- T 
Line 2 (Winter) 23 
600 +-------------~~~------------------------=J~~~~~~~~~~s 
E n ~ ~ 400~~~~~~~------~------~~~--~~#-~~----------------~ . 8 " 21.5! 
200 +-----~--~~,~~~··----------------~~-------------------------4 21 
' I 20.5 
0 ~--------------------------------~------~~~------~~----~ 
10:33 11:38 
TIITI9(hh:rrm) 
Figure 2.2: C02 concentration measured inside the train of line 2. 
(Martins, Vet al. Science of the Total Environment 511 (2015) 711-722) 
According to Martins, Vet al. (2015) as in figure 2.3, shows that a tool to measure 
the level of air concentrations of C02, CO, Tis the IAQ-Calc, model 7545, is the output of 
a TSI. The device has been placed in an appropriate angle corresponds to the entrance of 
the train, and the tool is placed away from the passenger and in the luminous place behind 
a fence for security purposes the tool. This location was chosen after taking into account a 
suitable location to get the reading is reasonable and does not interfere with the 
measurement process. Entrance aerosol has been placed close to the appliance at 1.5 m 
from the floor. To make sure the recorder is taken right, two protocols have been 
implemented, namely the first, additional measures PMX concentration on the platform to 
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characterize the spatial variation along the platform, and a second protocol, the air quality 
monitoring must be taken on trains. 
Figure 2.3: IAQ meter Model 7545 used by Martins, Vet al. (2015). 
2.4 Carbon Monoxide 
Do not be presumed that the gas is colorless, odorless and is not dangerous, it is 
because this gas is the main characteristic of carbon monoxide (CO). This gas is toxic gas 
that can not be seen with the naked eye, can not be in a sense, and the most dangerous is 
carbon monoxide gas can kill a worker without unconscious and can cause shortness of 
breath.Effects of exposure to different monoxide gas for every human being. It depends on 
the overall health of the worker's age and how long the worker is exposed to this dangerous 
gas. When workers exposed to carbon monoxide gas, the gas will enter into the blood 
stream and will form carboxyhemoglobin in the blood, and it will prevent the intake of 
oxygen. If a person is exposed to low levels, it would seem fatigue for ordinary people and 
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if a person has a heart problem it will be experiencing chest pain. If it is exposed to a high 
rate, it will affect the vision, headaches, confusion, nausea, dizziness and flu-like 
symptoms will result. If exposed to very high levels, it can cause death. In addition, it can 
interfere with the functioning of the brain and can lead to defects in the brain. 
Poisonous carbon which is carbon monoksidaboleh cause effects on a person by 
preventing blood from getting enough oxygen. Carbon monoxide will be combined at 
between 210 to 240 times greater than oxygen gas. Then, the resulting oxygen is unable to 
carry oxygen to the body. In addition, this will disturb the carbon hemoglobin oxygen that 
has no carbon. When a person is exposed to carbon monoxide in high concentrations, a 
person will be experiencing a weakening of the body and will feel dizzy. This is a warning 
sign before a person can be unconscious. If exposed to concentrations of 500 - 1000 ppm, 
it will cause someone's breathing quickened, will feel nausea, weakness and dizziness, and 
will suffer serious brain damage. 
2.4.1 Permissible Exposure Limit (PEL) 
Department of Occupational Safety and Health (OSHA) have put the appropriate 
standards for workers exposed to carbon monoxide gas. Limit prescribed standards is 50 
parts per million parts (ppm) of air (55 milligrams per cubic meter) (mg I m (3) and it has 
to limit working hours to 8 hours on average per day. If it exceeds the level and extent of 
this, workers may experience symptoms of carbon monoxide poisoning [29 CFR Table Z-
1] (OSHA PEL). 
National Institute of Occupational Safety and Health (NIOSH) has also put a limit 
for carbon monoxide. NIOSH recommended limits are not exceeded 35 ppm for 8 hours of 
work per day and the maximum permitted limit is 200 ppm. How NIOSH set a limit on the 
effects on the human cardiovascular system. 
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According to the American Conference of Governmental Industrial Hygienists 
(ACGIH), has set acceptable limits for carbon monoxide of 25 ppm (29 mg I m (3)) within 
8 working hours and for 40 hours a week (ACGIH 1994, p. 15 ) the main reference for this 
position is based on the risk level is high carboxyhaemoglobin (ACGIH 1991, p. 229). 
2.4.2 Carbon Monoxide Poisoning 
Table 2.1: Overview of OSHA Standards 
PPM EFFECT TIME EXPOSURE 
50 Permissible Exposure Level 8 Hours 
200 Slight headache, discomfort 3 Hours 
600 Headache, discomfort 1 Hour 
1000-2000 Confusion,nausea, headache 2 Hours 
1000-2000 Tendency to stagger 1 ~Hours 
1000-2000 Slight heart palpitation 30 minute 
2000-2500 Unconsciousness 30 minute 
~ 
Weaver, L.K., (1999) said CO exposures dated back to prehistoric times when man 
becan1e exposed to products of combustion. Aristotle (third century, BC) is credited with 
the first mention of the lethal effects of coal fumes: "Coal fumes lead to heavy head and 
death." Inhabitants ofNuceria were killed by CO suffocation while in the baths (Hannibal, 
Carthage, 24 7 to 183 BC) . Coal fumes were used for suicide and execution (e.g. , suicide of 
Roman author Seneca, 65 AD); Cicero, Rome, 106 to 43 BC). 
A recent article gives compelling evidence that two Byzantine emperors had CO 
poisoning, one nonfatal (Julian the Apostate, AD331 to 363). His successor, Jovian (AD 334 
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to 364) died of CO poisoning. Hippocrates (AD 500) made reference to "sleeping in a cold 
room well covered up," meaning that "it is healthier to sleep in a large room in order to 
breathe purer air," as opposed to small rooms that very soon might fill with smoke and 
fmnes from lights or heating sources. Priestley (England, 1772) described CO a 
combustible gas as that burned with a bright blue flame. The fust clinical description of 
coal gas poisoning was by Harmant (France, 1775), and LeBlanc (France, 1842) identified 
CO as the toxic substance in coal gas. 
2.4.3 Chemical and Physical Properties 
a. Physical data 
1. Molecular weight: 28 
u. Boiling point (760 mm Hg): - 191.5 C 
111. Specific gravity (water= 1) (liquid at boiling point) 
1v. Vapor density (air= 1 at boiling point of carbon monoxide): 0.97 
v. Melting point: - 199 C. 
v1. Vapor pressure at 20 C 
b. Reactivity 
1. Condition contributing to instability: Elevated temperatures amy cause 
cylinder to explode. 
n. Incompabilities: Contact with strong oxidizers may cause fues and 
explosions. 
111. Hazardous decomposition products: None 
IV. Special precaution: None 
c. Flammability 
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1. Flash point: Not applicable 
11. Autoignition temperature: 609 C 
m. Flammable limits in air,% by volume: Lower: 12.5 ; Upper: 74 
tv. Extinguishant: Dry chemical 
d. Warning propetiies 
1. Odor Threshold: The AIHA Hygienic Guide points out that carbon 
monoxide is odorless. 
11. Eye Irritation Level: Grant states that carbon monoxide is a no-irritating 
gas. 
111. Evaluation of Warning Properties: Carbon monoxide ts an odorless, 
nor-irratating gas. It has no warning properties. 
2.4.4 Monitoring and Measurement Procedures 
The first measure is called as a measure for 8 hours is used to determine how long 
the employee has been exposed to carbon monoxide gas. The best method to take an eight-
hour average continuous or take samples for four hours. If the time that is given is very 
limited, can use this method for each sample interval to 30 minutes. In addition, samples 
are most important to go round the workers' breathing zone samples, namely in the area 
closest to the zone of the worker. 
The next procedure is the highest rating, a measure used to determine how long the 
employee has been exposed to carbon monoxide gas. The measurement should be taken at 
one time shift many of these measures must be taken close to the workers. Each 
measurement should be taken to every fifteen minutes or a sample continuously for fifteen 
minutes. 
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All the methods used such as using a tube vapor adsorption of carbon monoxide 
must be approved by NIOSH bi menpunyai under 42 CFR Part 84. 
2.5 Enclosed Space 
Many workplaces are considered "enclosed spaces" because while they are not 
necessarily designed for people, they are large enough for workers to enter and perform 
certain jobs. Enclosed space means a space which has any of the following characteristics: 
a. Limited openings for entry and exit; 
b. Inadequate ventilation; and 
c. Is not designed for continuous worker occupancy, 
and includes, but is not limited to, cargo spaces, double bottoms, fuel tanks, ballast tanks, 
cargo pump-rooms, cargo compressor rooms, cofferdams, chain lockers, void spaces, duct 
keels, inter-barrier spaces, boilers, engine crankcases, engine scavenge air receivers, 
sewage tanks, and adjacent connected spaces. 
According to Veasey et al. (2005) The space has a natural ventilation system is not 
perfect or weakness is defined as an enclosed space. This space is not built for activity or 
do work on an ongoing basis which, the way in and out is very limited. This situation may 
create a hazard to occupants. An enclosed space is not limited to the internal machinery, 
tanks, cargo tanks, ballast tanks, but also include any other space that is normally kept 
closed. Confined space may also include areas caused by construction areas and locations 
with limited entrances and areas that may have dangers. This inherent danger may exist in 
the area covered. 
According to International Maritime Organisation (IMO) being enclosed area has a 
variety of risks that are dangerous and there have been several accidents at work, IMO has 
issued two detailed security guidelines, namely: 
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a. Assembly Resolution A.l 050(27) (Revised Recommendations for Entering 
Enclosed Spaces Aboard Ships); 
b. MSC.l /Circ.l401 (Guidelines on Tank Entry for Tankers Using Nitrogen as an 
Inerting Medium). 
The previous IMO Assembly Resolution and Guidelines it is important to adhere to 
when working in a closed room and when the work using an inert gas such as nitrogen. 
IMO has provided detailed guidelines for such situations. For those working space closed 
is very dangerous when there are features such as the following examples of its rooms, 
which lack oxygen, the room has a number of inert gas is high, the existence of toxic gases 
are flammable, there pembupulan gases that are toxic or there is heavy gas levels lower in 
oxygen. If someone had come into the work area that has limited ventilation space, several 
approaches have been taken to ensure and maintain safe working conditions. It must be 
admitted that the work atmosphere will always change if workers are in an enclosed space. 
Instead, use your personal multi-gas is very important for wear and practiced to help 
identify any changes in circumstances. 
For example, if in an enclosed space such as a cargo that certainly has toxic gas and 
flammable gas, then there will likely be an unexpected danger even before the work is 
done, this space had been cleared in advance. Cargo space can be unsafe even been cleaned 
in advance, because the possibility of an epoxy coating has absorbed these toxic 
substances. In addition, toxic residues may be trapped in the coil heaters, steam lines, and 
cargo pump and it will get back into the cargo after the cleaning process. While in an 
enclosed space such as cargo space, the ventilation system must be installed on an ongoing 
basis to ensure the comfort and safety of workers, in addition to the installation of devices 
to detect multi-gas for employees is very important. This is because if workers begin to 
feel dizzy or sick, these workers must leave the work area immediately. Employees can 
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only resume work in this enclosed space after the inspection has been carried out and 
certified safe. 
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CHAPTER3 
METHODOLOGY 
3.1 Introduction 
In this chapter, a detailed process how the experiment is conducted to fulfil the 
objective required is explained. The experiment consists of three factors which are the 
carbon dioxide (C02), carbon monoxide (CO) and temperature. These factors have been 
tested using two types of excavator which is gasoline mini excavator and electric mini 
excavator. Each excavator has four difference locations of measurements. All the locations 
are described in this chapter. 
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3.2 Flow Chart 
Figure 3.1 below shows the flow chart of the experiment; start with equipment 
preparation and finished at analysis of the results. 
Equipment 
Preparation 
Enclosed Space 
Preparation 
Analysis 
Figure 3.1: Flow chart of experiments 
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3.3 Design of Experiment 
Experimental design of this study was based on two types of excavators. First 
experiment is conducted using mini excavator powered by gasoline engine. Second, an 
experiment is conducted using mini excavator powered by electric motor. After completed 
equipment preparation, a venue for conducting experiment was prepared. Figure 3.2 and 
figure 3.3 illustrated the layout of experiment. As mention earlier in chapter 1, the 
investigation was used Hydraulic Fluid Power Lab as an enclosed space application room. 
The dimensions of the enclosed space room are 24 feet by 72 feet, and the room used has a 
height is 11 feet. This means the total volume of air in this room is 19008 ft2, this area is 
not included the existing furniture in this room. One side of this room is covered by 
windows. 
The experiment is carried out in enclosed space conditions during experimental 
runs, all the windows are closed so that a closed space. This is to create an enclosed space 
with limited ventilation. The gasoline and electric mini excavator was placed at the centre 
of the enclosed space room about 36 feet from the wall and the engine of gasoline mini 
excavator is started. The excavator was running for 15 minute before measurement was 
taken. 
Figure 3.2 shows there are two main locations and figure 3.3 shows the location of 
four points were selected. These points describe the location of the Indoor Air Quality 
(IAQ) Meter in enclosed space room. After that, the measurement result from the IAQ 
meter was collected to analyse. After first experiment was finished, the second experiment 
which used electric mini excavator was repeated using the same method describes. In this 
experiment, all air condition is close because, the investigation is focusing to investigate 
indoor air quality for natural ventilation in this enclosed space room. The results of 
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experimental observations and measurements in the analysis. The results of these 
observations will be compared with the guidelines set by the standards that have been set. 
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Figure 3.2: Top view experiment layout for gasoline and electric mini excavator 
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Figure 3.3: Side view experiment layout for location ofiAQ meter. 
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There are two types of mini excavator had been used to run this experiment.First 
type is mini excavator powered by gasoline engine that use fuel as the source of power. 
Second type is mini excavator powered by electric motor that uses 415 V to function. The 
main reason why two mini excavators are used because to recognise and compares the 
experiment results. 
3.4.1 ExcavatorKobelco SS60 
The SS60 super shovel is the smallest earthmoving in the world has an overall 
width of 19 inches (0.48 metre) and weight only 272 kg. The operator rides behind the 
excavator and balances the action of the bucket. The operator can sit or stand on a platform 
while operating the machine. The seat can be folded up when the platform is in use. The 
platform can be lowered 51 mm below ground level to act as an anchor and stabilize the 
machine; the excavator does not have a blade: all work is done with the bucket. The 
machine is not equipped with restraint system. In case of a roll over, the operator steps off 
from the machine. 
Figure 3.4: Excavator Kobelco SS60 
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Table 3.1 below shows a general excavator specification for both mini excavators. 
Electric mini excavator also used same specification. The main differences are how mini 
excavator is powered. During the experiment, both mini excavator need to move around 
the room as represent the simulation when excavator did a real task. 
Table 3.1: General excavator specifications. 
Overall Length: 7' 1" Overall Width: 1 '7" Height: 3 '7" 
General: Bucket capacity: 0.25 cu ft 
Bucket width: 9 inches Fuel Tank: 2.2 US gal 
Performance Travel Speed: 0.87 high, 0.50 low 2.6 mph 
Boom swing speed 3. 7 sec (90°) 
Grade ability 47% (25°) 
Stick digging force 1830 lb. 
Bucket digging force 750 lb. 
Operating weight 600 lb. 
Motor 4cycle, 
Type gasoline engine (aircooled) 
Rated output (HP @ rpm) 3.5 @ 1600 
Displacement 53.6 cu. in 
Pumps: 2 gear pumps 
Hydraulic System Max. discharge pressure: 2,130 psi 
Hydraulic tank capacity: 1.85 US gal 
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This electric excavator is a same model with Excavator Kobleco SS60 and this 
gasoline excavator is converted to electric excavator. Figure 3.5 below show the electric 
mini excavator. Using electric powered excavator, there is no need to use the fuel to start 
the engine. So, the electric motor will be used to control the hydraulic motor. 
Figure 3.5: Electric Excavator Kobelco SS60 
Electric motor as shown in figure 3.6 below used is to control the hydraulic system 
in order to control the excavator boom movement.The voltage of the electric motor is 
415V with 1460 revolution per minute. This power of electric motor is 11 k W and its 
frequency is 50 Hz. 
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Figure 3.6: Hydraulic Power Unit 
3.5 Indoor Air Quality Meter 
Physical indoor air quality measurements were conducted in the Hydraulic Power 
Lab at floor level and 160 m above the finished floor level. Parameter included carbon 
dioxide, carbon monoxide and temperature which were monitored in this lab with TSI IAQ 
meter data logger with carbon dioxide resolution 1 ppm, accuracy ±3% or 50ppm, carbon 
monoxide resolution 0.1 ppm, accuracy ±3% or 3 ppm, and temperature resolution 0.1 °C, 
accuracy ±0.6 °C. 
Figure 3.7 shows the example of IAQ meter and table 3.2 below describe a details 
of IAQ meter specification. TSI's IAQ-Calc™ Indoor Air Quality Meter 7545 is an 
outstanding instrument for investigating and monitoring indoor air quality (IAQ). The 7545 
model simultaneously measures and data logs multiple parameters. Measurements are CO, 
C02, temperature, humidity; and calculations are dew point, wet bulb temperature, and % 
outside air. The proprietary TSI LogDat2™ Downloading Software permits easy transfer 
of data to a computer. Data can be reviewed on-screen, or downloaded to a computer for 
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easy report generation. Statistics function displays average, maximum and nurumurn 
values, and the number of recorded samples. 
Figure 3.7: Indoor Air Quality Meter 
Table 3.2 below shows the detail specification of IAQ Meter. This meter able to 
captured the carbon dioxide (C02) range from 0 - 5000 ppm. This range is enough to 
monitor the C02 concentration level in experimental room area. But there is a limitation 
for measure Carbon Monoxide (CO) in this room. This is because this tool only can 
measure CO from 0- 500 ppm. Actually this range is already enough but it can' t give a 
signal to worker if the level already exceeds the limitation. So it quite dangerous if a 
person exposed to CO for long term period. 
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Table 3.2: Specification ofiAQ Meter Model 7545 
Carbon Dioxide (C02) Carbon Monoxide Temperature (CO) 
Range 0 to 5000 ppm 0 to 500 ppm 32° to 140° F (0° to 60° Celcius) 
Accuracy ± 3% of reading or ± 3% of reading or ± 1.0°F or ±0.6 °C 
±50ppm ±3ppm 
Resolution 1 ppm 0.1 ppm 0.1 ° F (0.1 °C) 
Sensor Type Non- Dispersive Electro -Chemical Thermistor Infrafed (NDIR) 
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CHAPTER4 
RESULT AND DISCUSSION 
4.1 Introduction 
This chapter details on the experiment that focuses on the experimental design by 
DOE. The study consists of three factors which are the carbon dioxide, carbon monoxide 
and temperature. These factors have been separated into Gasoline Excavator and Electric 
Excavator. Each excavator has four different locations. The results of the experiment are 
separated into two parts. The first part discussed about the effect of indoor air quality using 
in relation when using the gasoline excavator at four different locations. The second part 
discussed about the effect of indoor air quality when using electric excavator at four 
different locations. 
4.2 Gasoline Mini Excavator Result 
Figure 4.1 shows the graph of carbon dioxide concentration level for gasoline 
excavator. Test 1 and test 2 shows that the level of carbon dioxide is about 850 ppm to 950 
ppm. Test 3 and test 4 shows that the level of carbon dioxide is about 750 ppm to 800 ppm. 
The average of carbon dioxide level in this room is about 850 ppm. 
Refer to the graph below there are a major range C02 ppm concentration level 
between location number one, This is because no ventilation system such as a window at 
the area of location number one which are test 1 and test 2. So the carbon dioxide 
concentrated within this point unable to flow outside of the room. The second locations 
which are test 3 and test 4 shows that is lower than location number one. This is because 
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this location has a window system as ilJustrated in figure 3.2 in chapter 3. Regardless, C02 
concentration level is lower at location number two still it is exceeded the limit exposure 
stated OSHA and NIOSH. The main effect if C02 exceed the limit of exposure is the 
worker will feel not comfortable. 
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Figure 4.2 shows the carbon monoxide concentration level for gasoline excavator. 
Test 1 and test 2 show the high level of carbon monoxide which is about 350 ppm to 450 
ppm. Test 3 and test 4 shows that the carbon monoxide level is about 200 ppm to 270ppm. 
The average of carbon monixide is 300 ppm to 340 ppm. Carbon monoxide affects a 
person because it reduces the amount of oxygen available to the body. After carbon 
monoxide enters the body, it quickly combines with hemoglobin in the blood. Hemoglobin 
is a compound that usually carries oxygen. 
However, hemoglobin takes up carbon monoxide much more readily than it takes 
up oxygen, forming a compound calJed carboxyhemoglobin (COHb ). The more COHb that 
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is formed, the less oxygen the blood will able to carry. The heath effects that occur when 
carbon monoxide is inhaled depend on the amount of COHb in the blood. 
A worker who is exposed to carbon monixide at 200 ppm show a symptoms of 
carbon monoxide poisoning such as mild headache after two to three hours exposure. In 
this case carbon monoxide at range 350 ppm- 450 ppm will show a symptoms of carbon 
monoxide poisoning such as serious headache, nausea, weakness, dizziness and faiting. 
Exposure at this range for three hours will threatening our live (NIOSH 1992). 
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Figure 4.3 below shows the temperature in enclosed room area. Innitially room 
temperature is 27°C. Fifteen minutesafter mini excavator was running, there wasa changes 
in room temperature. Test 1,2 and 3 show increasing of temperature while test 4 shows a 
moderate decrease of temperature. The ideal temperature that was recommend range 
"comfortable" are 73 to 79°F (22.8 to 26.1 °C) in the summer and 68 to 74.5°F (20.0 to 
23.6°C) in the winter (ASHRAE Standard 55). The average of tllis room already exceed a 
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recommended temperature from ASHRAE Standard. It shows that, thi s enclosed space 
area is not comfortable because temperature is one of the important parameters and wruch 
have the effect of directly to worker comfort and this will increase concentration and 
productivity of employees. 
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Figure 4.4 shows the graph of carbon dioxide concentration level for electric mini 
excavator. All test shows that the level of carbon dioxide range is about 400 ppm to 500 
ppm. The average of carbon dioxide level in this room is about 450 ppm. A good indicator 
of proper ventilation is to look at the level of C02 present in the particular space. Carbon 
dioxide is a normal by-product of respiration, combustion and other processes. Elevated 
levels of C02 may indicate that traditional ventilation is required. The result from the 
investigation shows that, carbon dioxide concentration level is not exceeding the ASHRAE 
Standard 62. This standard indicates that, the recommended indoor C02 level must not 
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exceed about 700 ppm more than outdoor ambient air which is typically about 300 to 400 
ppm. Under normal condition, even elevated C02 levels are rarely a health hazard since 
levels up to 10,000 ppm can be tolerated without ill effect by a healthy person. 
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Figure 4.5 shows the carbon monoxide concentration level for gasoline excavator. 
All test shows the level of carbon monoxide is much lower than gasoline mini excavator 
which is about 2.4 ppm to 3.6 ppm. The average of carbon monixide is about 3 ppm. Based 
on National Institute for Occupational Safety and Health (Niosh) all the result tested is 
lower than a recommended exposure limit (REL) for carbon monoxide of 35 ppm ((40 
mg/m(3)) as an 8-hour TWA and 200 ppm (229 mg/m(3)) as a ceiling (NIOSH 1992). 
42 
3.6 
3.4 
3.2 
E 3 Q. 
Q. 
0 2.8 
u 2.6 
2.4 
2.2 
00000000000000000000 
...-< N m <:t Lf) 1.0 r-- oo 0'1 o ...-< N m <:t Lf) 1.0 r-- oo 0'\ o 
...-< ...-< ...-< ...-< ...-< ...-< ...-< ...-< ...-< ...-< N 
Time (second) 
Figure 4.5: CO concentration level 
---TEST 1 
TEST 2 
~TEST3 
-+-TEST4 
~AVERAGE 
Figure 4.6 below shows the temperature level in enclosed room area. Initially, the 
room temperature is about 27°C. Fifteen minute after mini excavator was running, there 
were changes in room temperature. The ideal temperature that was recommend range 
"comfortable" are 73 to 79op (22.8 to 26. 1 °C) in the summer and 68 to 74.5°F (20.0 to 
23.6°C) in the winter (ASHRAE Standard 55). The average of this room is in a 
recommended temperature from ASHRAE Standard. It shows that, this enclosed space 
area is comfortable to do a work. 
28 
27.8 
iii 27.6 ::I 
·u 
Qj 27.4 ~ 
Qj 
... 27.2 ::I 
... 
ra 
... 27 Qj 
Q. 
E 26.8 Qj 1-
26.6 
26.4 
10 30 so 70 90 110 130 150 170 190 
Time (second) 
Figure 4.6: Temperature level 
43 
-+-TEST 1 
---TEST2 
TEST 3 
~TEST4 
~AVERAGE 
4.4 Comparison of Gasoline and Electric Mini Excavator 
From thedata obtained, a comparison between gasoline and electric mini excavator 
was made ashown in figure 4.7 and figure 4.8. At the activity levels found in typical office 
buildings, steady-state C02 concentrations of about 700 ppm above outdoor air levels 
indicate an outdoor air ventilation rate about 7.5 Lis/person (15 cfm/person). Laboratory 
and field studies have shown that this rate of ventilation will dilute odours from human bio 
effluents to levels that will satisfy a substantial majority (about 80%) of unadapt persons 
(visitors) in a space. C02 concentrations in outdoor air typically range from 300 to 500 
ppm. Thus indoor C02 concentrations of 1 000 to 1200 ppm in spaces housing sedentary 
people is an indicator that a substantial majority of visitors entering the space will be 
satisfied with respect to human bio effluents (body odour). However that C02 
concentration is not a good indicator of the concentration and occupant acceptance of other 
indoor contaminants, such as volatile organic compounds off-gassing from furnishings and 
building materials. Thus C02 concentration is not a reliable indicator of overall building 
air quality (ASHRAE Standard 62.1-2013). Warning limit commonly used is lOOOppm, 
this is usually the maximum level. If you exceed this limit could affect the comfort 
especially related to temperature and humidity, odour and can cause shortness of breath (N. 
Marchetti, A. Cavazzini, L.Pasti , M. Catani, 2015). 
Graph below shows that carbon dioxide concentrations already exceeded a 
recommended by ASHRAE Standard 62. Based on the graph carbon dioxide concentration 
level present shows a poor ventilation management in an enclosed space area. Elevated 
levels of carbon dioxide may indicate that additional ventilation is required 
however,building a ventilation system in this space require renovation which may be 
costly. 
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Although comfort during work is essential to achieve a high concentration and good 
productivity, there is also pollution in the air that can still cause adverse effects on the 
health of workers.Based on National Institute for Occupational Safety and Health (Niosh) 
all the result tested in figure below already exceededtherecommended limits are not 
exceeded 35 ppm for 8 hours of work per day and the maximum permitted limit is 200 
ppm. How NIOSH set a limit on the effects on the human cardiovascular 
system.Furthermore Occupational Safety and Health Administration (OSHA) permissible 
exposure limit (PEL) for carbon monoxide is 50 parts per million (ppm) parts of air (55 
milligrams per cubic meter (mg/m(3))) as an 8-hour time-weighted average (TWA) 
concentration also exceed the exposure limit. 
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Figure 4.7: Carbon dioxide and carbon monoxide comparison of gasoline and electric 
excavator. 
Ivanov et al. 2014 said that C02 is one of the benchmarks that can be used to 
measure the quality of air in a closed room. If there is high C02 in an enclosed space, it 
gives a clear picture that the ventilation system in the region is weak and inadequate. This 
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gives a clear picture that the ventilation system in the region is weak and inadequate. This 
will impact directly to the workers who are in an enclosed room. The effect is very clear, 
and comfort produktuviti employees will be affected and reduced. Furthermore, in addition 
to the impact on work productivity, it can also affect the health of workers if exposed to 
long periods of time. Therefore, a standard has been set by the EN 15251 standard, in this 
standard, has stated that there are three different categories and it depends on the amount of 
C02 gas. The first category is the highest level and he has been devoted to the workers 
who are very sensitive to air content and workers who require specialized equipment. In 
the estimate of 15%, a percentage that is not satisfied with this stage. Whereas, for the 
second and third categories, the level represents a normal level and medium level and can 
be adopted for normal environments. 20% percent of the budget is not happy days for the 
second category and by 30% the percentage of the budget that are not satisfied for the third 
category. In addition, there is also a fourth category; this category has a parameter that is 
outside of the three categories discussed above. 
Figure 4.8 shows a comparison temperature between gasoline and electric mini 
excavator. Gasoline mini excavator show the temperature slightly increase compare to 
electric mini excavator, temperature is maintain almost all the time taken. This graph only 
show the range of time limit from 0 - 190 seconds. If the measurment is take for a longer 
time, the temperature of this room will increase when using mini excavator pawered by 
gasoline. 
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4.5 Factor affecting indoor air CO concentrations 
Among the differents parameters variables influencing indoor air quality were 
studied. Types of mini excavators powered by gasoline that produce exhaust ' s gas that 
contribute to toxic air pollutant at different concentration. Indoor air quality in terms of CO 
pollution was significantly poor in this enclosed space application room ( Hydraulic Fluid 
Power Lab). 
The results of the study and our observations, it is clear that when natural 
ventilation in the room is not enough to produce a fresh and safe Audra between the 
outside air and inside, and it clearly show by carbon dioxide (C02) concentration level is 
exceed the recommended level. 
Two scenarios may be considered for human exposure to CO in enclosed space; 
occuaptional and general population exposures. In terms of occupational exposure, a 
workers are expose to concentration higher than recommended exposure limit (REL) of 35 
ppm set by NIOSH for 8 hours work in a day. 
The NIOSH limit is based on the risk of cardiovascular effects. There is a potential 
for increased blood COHb% in a worker due to direct inhale highly concentrated CO 
trough mouthpiece. Eissenberg et al (20 12) have been reported that cases of poisoning and 
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trough mouthpiece. Eissenberg et al (20 12) have been reported that cases of poisoning and 
syncope at COHb% Of 24 - 27 %. Average of CO concentration is about 300 ppm for 1 
hours will effect slight headache and discomfort. If a worker expose for 8 hours tendency 
to slight heart palpitation and cardiovascular problems may occurs (Satran et al. (2005). 
Range of carbon monoxide (CO) able to collect of this IAQ meter is about 0 to 500 
ppm. During the experiment the IAQ meter already exceeded the limit of IAQ meter range. 
If the experiment is prolong to eight hours, CO concentration level might be exceed 2000 
ppm in this enclosed space room. Thus, this level exceeded all recommended exposure 
limit by OSHA and NIOSH. The natural ventilation is unable to clear out the toxic gas 
from this room. In this case, the mini excavator powered by electric motor is the best 
choice to use. 
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CHAPTERS 
CONCLUSION AND RECOMMENDATION 
5.1 Conclusion 
Assess and measure the level of carbon dioxide air quality at the same time with the 
temperature not only can determine the level of comfort and productivity in a closed room, 
but it can also determine the quality of the air in the room as a whole. However, to measure 
the level of carbon dioxide alone is not enough to determine the actual situation of the 
quality of the air in a closed room, because carbon dioxide is a gas that is not toxic even in 
large numbers it is still too dangerous to the respiratory system. 
The study found that indoor air quality levels of CO concentration are much higher 
than the recommended exposure limits at many sampling locations. Within the variables 
studied; type of mini excavator, utilization of natural ventilator, respectively, were 
recognised as the most influence factors controlling CO concentration in this enclosed 
space application. Its means that work site manager has to make plans and build additional 
ventilation, which made the uses of a gasoline powered excavator indoors considerably 
more expensive than outdoors. A more detailed analysis is required and it needs a heavy 
and complex task as it requires analysis of a variety of related fields. The results of the 
experiments that have been carried out, it indicates that the quality of the air in a closed 
room is very low and severe. However, in this room there is only one employee who 
operates the machine. If the number of employees more and periods in the provision of 
longer, perhaps it will lead to the risk of more severe and harmful to the employee. 
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Therefore, using electric powered mini excavator may significantly reduce risk of 
both occupational and second hand exposure to CO emission. 
5.2 Recommendation for Future Work 
Other factors such as work on characterizing multi pollutant exposure error and joint 
effects will inform development of multipollutant metrics to advance air pollution health 
effects research and human health risk assessment. Furthermore, recommendation for 
future work are to study the reliability and maintanability of electric powered mini 
excavator and to identify the pressure fluctuation and boom gravitational pull between both 
excavator. 
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APPENDIX A 
TESTING DATA FOR MINI EXCAVATOR POWERED BY GASOLINE ENGINE 
LogDat2 Data File 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 1 
Test Abbreviation: Test 001 
Start Date: 13/05/2016 
Start Time: 12:59:36 
Duration 
( dd:hh:mm:ss ): 0:00:03:20 
Log Interval (mm:ss): 00:10 
Number of points: 20 
Notes: Test 001 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm degC o/orh degC degC ppm 
Average: 920 29.3 53.7 18.9 22.1 406.9 
Minimum: 830 28.8 52.4 18.5 21.8 385.7 
Time of 12:59:46 13:02:56 13:01:06 13:01:06 13:02:06 12:59:46 Minimum: 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 1046 30 56 20.3 23.1 427 
Time of 13:00:06 12:59:46 12:59:56 12:59:56 12:59:56 13 :02:36 Maximum: 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Maximum: 6 6 6 6 6 6 
Time C02 T H Dewpoint Wetbulb Co 
hh:mm:ss ppm de_g_ c o/orh degC degC ppm 
12:59:46 830 30 54.5 19.9 22.9 385.7 
12:59:56 978 30 56 20.3 23.1 385.7 
13:00:06 1046 29.9 54.6 19.8 22.8 387.6 
13:00:16 1025 29.8 53.5 19.3 22.5 396.2 
13:00:26 968 29.6 53.6 19.2 22.4 404 
13:00:36 938 29.6 53.9 19.3 22.4 403.5 
13:00:46 916 29.5 52.7 18.8 22.1 402 
13:00:56 921 29.4 52.9 18.8 22 398.1 
13:01:06 915 29.3 52.4 18.5 21.8 403.2 
13:01:16 907 29.2 52.6 18.6 21.8 413.7 
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13:01:26 907 29.2 53.2 18.7 22 398.9 
13 :01:36 902 29.1 53.2 18.6 21.9 395.7 
13 :01:46 898 29.2 53.1 18.6 21.9 409 
13 :01 :56 893 29.1 53 .3 18.6 21.8 416.9 
13 :02:06 893 29 53.4 18.5 21.8 417.4 
13:02:16 891 28.9 53 .7 18.6 21.8 423.4 
13:02:26 893 28.9 53.9 18.6 21.8 424 
13:02:36 895 28.9 54 18.6 21.8 427 
13 :02:46 897 28.8 54.3 18.7 21.8 424.6 
13 :02:56 893 28.8 54.4 18.7 21.8 420.4 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 2 
Test Abbreviation: Test 002 
Start Date: 13/05/2016 
Start Time: 13:03:25 
Duration 
(dd:hh:mm:ss): 0:00:03:30 
Log Interval (mm:ss): 00:10 
Number of points: 21 
Notes: Test 002 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm degC %rh degC deg C ppm 
Average: 873 27.9 58.8 19.1 21.8 368.8 
Minimum: 854 27.3 57.4 19 21.6 348.5 
Time of 
Minimum: 13:06:35 13:06:55 13:03:45 13:05:45 13:06:55 13:05:15 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 900 28.5 60.5 19.5 22.2 382.5 
Time of 
Maximum: 13 :04:15 13:03 :35 13:06:55 13:03:35 13 :03:35 13:04:35 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Maximum: 6 6 6 6 6 6 
Time C02 T H Dewpoint Wetbulb co 
hh:mm:ss ppm degC %rh degC deg C ppm 
13:03:35 876 28.5 58.1 19.5 22.2 358 
13:03:45 882 28.3 57.4 19.1 21.9 358.5 
13:03:55 889 28.3 57.7 19.2 22 362.6 
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13:04:05 895 28.3 57.7 19.2 22 363.3 
13:04:15 900 28.3 57.6 19.1 21.9 373 
13:04:25 897 28.2 57.6 19 21.8 381.2 
13:04:35 889 28.1 57.7 19 21.8 382.5 
13:04:45 884 28.1 57.9 19 21.8 380.4 
13:04:55 877 28 58.2 19 21.8 367.3 
13 :05 :05 871 27.9 58.6 19.1 21.8 355.7 
13:05:15 863 27.9 58.9 19.1 21.8 348.5 
13:05:25 863 27.8 59 19.1 21.7 361.5 
13:05:35 869 27.7 59 19 21.7 373.7 
13:05:45 869 27.7 59.1 19 21.6 380 
13:05:55 866 27.6 59.3 19 21.6 378.4 
13:06:05 861 27.6 59.6 19 21.6 368.7 
13 :06:15 861 27.5 59.9 19 21.6 366.2 
13:06:25 861 27.5 60.2 19.1 21.6 367.i 
13:06:35 854 27.4 60.5 19.1 21.6 365.6 
13:06:45 855 27.4 60.5 19.1 21.6 371.2 
13:06:55 861 27.3 60.5 19 21.6 380.7 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 3 
Test Abbreviation: Test 003 
Start Date: 13/05/2016 
Start Time: 13:08:04 
Duration 
( dd:hh:mm:ss ): 0:00:05:40 
Log Interval (mm:ss): 00:10 
Number of points: 34 
Notes: Test 003 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm deg C %rh degC degC ppm 
Average: 781 27.9 58 18.9 21.7 257.6 
Minimum: 766 27.6 57.4 18.7 21.5 211.9 
Time of 
Minimum: 13:09:44 13:08:14 13:13:44 13:08:24 13:08:24 13:09:34 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 796 28.2 58.6 19 21.8 294.4 
Time of 
Maximum: 13 :08:14 13:13:44 13:08:34 13:13 :44 13:13:44 13:12:04 
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Time C02 T H Dewpoint Wetbulb co 
hh:mm:ss ppm degC %rh degC deg C ppm 
13 :08:14 796 27.6 58.6 18.8 21.5 229.6 
13:08:24 795 27.6 58.6 18.7 21.5 241.5 
13 :08:34 795 27.6 58.6 18.8 21.5 256.1 
13:08:44 788 27.6 58.5 18.8 21.5 239.9 
13 :08:54 782 27.7 58.5 18.8 21.5 236.6 
13 :09:04 782 27.7 58.6 18.8 21.6 244.5 
13:09:14 785 27.7 58.6 18.9 21.6 235.1 
13 :09:24 795 27.7 58.6 18.9 21.6 224.9 
13:09:34 769 27.8 58.3 18.8 21.6 211.9 
13 :09:44 766 27.8 58.1 18.8 21.6 225.1 
13:09:54 767 27.8 58.1 18.8 21.6 241.5 
13 :10:04 772 27.8 58.2 18.9 21.6 256.7 
13 :10:14 778 27.9 58.3 18.9 21.7 270.4 
13 :10:24 781 27.9 58.2 18.9 21.7 268.1 
13 :10:34 782 27.9 58.1 18.9 21.7 264.9 
13 :10:44 780 27.9 58 18.9 21.7 253.9 
13 :10:54 775 28 57.9 18.9 21.7 242.2 
13 :11:04 770 28 57.9 18.9 21.7 251.1 
13:11:14 771 28 57.9 18.9 21.7 259.1 
13:11:24 773 28 57.8 18.9 21.7 264.7 
13:11:34 776 28 57.8 18.9 21.7 269.9 
13:11:44 782 28 57.8 19 21.7 278.1 
13 :11:54 790 28.1 57.8 19 21.8 289.6 
13 :12:04 789 28.1 57.8 19 21.8 294.4 
13 :12:14 794 28.1 57.7 19 21.8 288.9 
13 :12:24 791 28.1 57.6 19 21.8 282 
13:12:34 786 28.1 57.5 19 21.8 274.1 
13 :12:44 780 28.1 57.5 19 21.8 270.5 
13 :12:54 778 28.2 57.5 19 21.8 280.1 
13:13:04 778 28.2 57.5 19 21.8 272.8 
13:13:14 781 28.2 57.4 19 21.8 263.8 
13:13:24 778 28.2 57.4 19 21.8 258.3 
13:13 :34 777 28.2 57.4 19 21.8 257.1 
13:13:44 777 28.2 57.4 19 21.8 261 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 4 
Test Abbreviation: Test 004 
Start Date: 13/05/2016 
Start Time: 13:13:57 
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Duration 
( dd:hh:mm:ss ): 0:00:08:10 
Log Interval (mm:ss): 00:10 
Number of points: 49 
Notes: Test 004 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm degC %rh degC deg C ppm 
Average: 795 27.8 56.7 18.5 21.4 254.3 
Minimum: 783 27.6 55.7 18.3 21.3 221.7 
Time of 
Minimum: 13:14:17 13 :21:57 13 :15:07 13:17:37 13:17:37 13:14:27 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 806 28.2 57.9 19.1 21.9 276 
Time of 
Maximum: 13:21:57 13 :14:07 13:14:07 13:14:07 13 :14:07 13:21:27 
Time C02 T H Dewpoint Wetbulb co 
hh:mm:ss ppm deg C %rh deg C degC ppm 
13:14:07 787 28.2 57.9 19.1 21.9 242.9 
13:14:17 783 28.2 57.8 19.1 21.9 222.4 
13 :14:27 784 28.1 57.1 18.8 21.7 221 .7 
13:14:37 784 28.1 56.2 18.6 21.5 231.6 
13 :14:47 784 28.1 55.8 18.4 21.4 236.7 
13:14:57 785 28.1 55.7 18.4 21.4 238.7 
13:15:07 786 28.1 55.7 18.4 21.4 238.3 
13:15:17 786 28 55.8 18.4 21.4 239.1 
13:15:27 789 28 55.9 18.4 21.4 239.7 
13:15:37 789 28 55.9 18.4 21.4 241.5 
13:15:47 790 28 55.9 18.4 21.4 243.4 
13:15:57 790 28 56 18.4 21.4 244.7 
13:16:07 791 28 56.1 18.4 21.4 244.9 
13:16:17 791 27.9 56.2 18.4 21.4 245.3 
13:16:27 792 27.9 56.2 18.4 21.4 246.5 
13:16:37 793 27.9 56.2 18.4 21.3 246.4 
13 :16:47 790 27.9 56.2 18.4 21.3 246.1 
13 :16:57 792 27.9 56.2 18.4 21.3 247.3 
13 :17:07 792 27.9 56.3 18.4 21.3 248.8 
13:17:17 793 27.8 56.4 18.4 21.3 250.4 
13 :17:27 795 27.8 56.4 18.3 21.3 251.6 
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13 :17:37 794 27.8 56.4 18.3 21.3 253.2 
13 :17:47 795 27.8 56.5 18.4 21.3 253.8 
13:17:57 795 27.8 56.6 18.4 21.3 254.2 
13:18:07 798 27.8 56.7 18.4 21.3 259.2 
13:18:17 799 27.8 56.7 18.4 21.3 260.9 
13:18:27 799 27.8 56.8 18.4 21.3 255.4 
13:18:37 797 27.7 56.9 18.4 21.3 255.5 
13:18:47 799 27.7 56.8 18.4 21.3 258 .3 
13:18:57 799 27.7 56.9 18.4 21.3 260.2 
13:19:07 800 27.7 56.9 18.4 21.3 262.2 
13:19:17 799 27.7 57 18.4 21.3 263 
13:19:27 799 27.7 57 18.4 21.3 262.6 
13:19:37 797 27.7 57.1 18.4 21.3 256.8 
13:19:47 799 27.7 57.2 18.5 21.3 254.6 
13:19:57 799 27.7 57.3 18.5 21.3 261 
13:20:07 799 27.7 57.3 18.5 21.3 267 
13:20:17 801 27.7 57.2 18.5 21.3 269.3 
13:20:27 802 27.7 57.3 18.5 21.3 270.4 
13:20:37 802 27.7 57.3 18.5 21.3 267.6 
13:20:47 804 27.7 57.3 18.5 21.3 267.5 
13:20:57 805 27.7 57.3 18.5 21.3 269 
13:21:07 804 27.7 57.3 18.5 21.3 270.6 
13:21:17 803 27.6 57.4 18.5 21.3 273 .8 
13:21:27 803 27.6 57.4 18.5 21.3 276 
13:21:37 805 27.6 57.5 18.5 21.3 275.8 
13:21:47 802 27.6 57.5 18.5 21.3 274.4 
13:21:57 806 27.6 57.5 18.5 21.3 272.5 
13:22:07 805 27.6 57.4 18.5 21.3 268.9 
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TESTING DATA FOR MINI EXCAVATOR POWERED BY 
ELECTRIC 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 6 
Test Abbreviation: Test 006 
Start Date: 13/05/2016 
Start Time: 15:43:38 
Duration 
(dd:hh:mm:ss): 0:00:03:20 
Log Interval (mm:ss): 00:10 
Number of2_oints: 20 
Notes: Test 006 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm degC %rh deg C deg C ppm 
Average: 509 27.4 73 22.1 23 .6 3 
Minimum: 438 27.2 71.2 21.8 23.4 2.5 
Time of 
Minimum: 15:45:48 15:43 :48 15:45:58 15:45:48 15:45:48 15:44:08 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 686 27.6 75.4 22.6 23.9 3.5 
Time of 
Maximum: 15:44:18 15:46:58 15:44:38 15:44:38 15:44:38 15:45:18 
Time C02 T H Dewpoint Wetbulb co 
hh:mm:ss ppm degC %rh degC deg C ppm 
15:43:48 449 27.2 74.7 22.3 23.7 2.7 
15:43:58 503 27.2 75.1 22.5 23.8 2.6 
15:44:08 681 27.3 75.4 22.5 23.8 2.5 
15:44:18 686 27.3 75.1 22.5 23.8 2.6 
15:44:28 636 27.3 75 22.5 23.8 2.5 
15 :44:38 589 27.3 75.4 22.6 23.9 2.5 
15:44:48 570 27.3 74 22.3 23.7 2.6 
15:44:58 509 27.4 72.8 22.1 23.5 2.9 
15:45:08 483 27.4 72.4 22 23.5 3.4 
15 :45:18 468 27.4 71.8 21.9 23.4 3.5 
15:45:28 455 27.4 71.5 21.8 23.4 3.4 
15 :45:38 447 27.4 71.3 21.8 23.4 3.3 
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15:45:48 438 27.5 71.2 21.8 23.4 3.2 
15:45:58 440 27.5 71.2 21.8 23.4 3.3 
15:46:08 446 27.5 71.2 21.8 23.4 3.3 
15:46:18 444 27.5 71.6 21.9 23.5 3.2 
15 :46:28 477 27.5 72.5 22.2 23.7 3.2 
15:46:38 492 27.6 72.5 22.2 23.7 3.2 
15:46:48 486 27.6 72.4 22.2 23.7 3.1 
15:46:58 478 27.6 72.3 22.2 23.7 3.1 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 7 
Test Abbreviation: Test 007 
Start Date: 13/05/2016 
Start Time: 15:47:14 
Duration 
(dd:hh:mm:ss): 0:00:03:30 
Log Interval (mm:ss): 00:10 
Number of points: 21 
Notes: Test 007 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm degC %rh degC degC ppm 
Average: 451 27.2 72.6 21.9 23.4 3.3 
Minimum: 386 26.9 72.1 21.7 23.2 3.1 
Time of 
Minimum: 15:50:44 15:50:44 15:48:24 15:50:24 15:50:44 15:49:44 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 464 27.5 73.1 22.1 23.6 3.5 
Time of 
Maximum: 15:47:24 15:47:24 15:50:34 15:47:24 15:47:24 15:48:04 
Time C02 T H Dewpoint Wetbulb co 
hh:mm:ss ppm degC %rh degC degC ppm 
15:47:24 464 27.5 72.3 22.1 23.6 3.4 
15:47:34 456 27.5 72.1 22.1 23.6 3.3 
15 :47:44 453 27.5 72.2 22.1 23.6 3.5 
15:47:54 453 27.5 72.3 22.1 23.6 3.5 
15:48:04 450 27.5 72.2 22 23.5 3.5 
15:48:14 451 27.4 72.1 21.9 23.5 3.4 
15:48:24 448 27.4 72.1 21.9 23.4 3.4 
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15:48:34 449 27.3 72.1 21.9 23.4 3.3 
15:48:44 450 27.3 72.3 21.9 23.4 3.4 
15:48:54 449 27.3 72.3 21.8 23.4 3.3 
15:49:04 450 27.2 72.5 21.9 23.4 3.1 
15 :49:14 452 27.2 72.8 21.9 23.4 3.1 
15:49:24 454 27.2 72.9 21.9 23.4 3.1 
15:49:34 455 27.1 73 21.9 23 .3 3.1 
15:49:44 456 27.1 73 21.8 23.3 3.1 
15:49:54 456 27.1 73.1 21.8 23.3 3.2 
15:50:04 457 27 73.1 21.8 23.3 3.2 
15:50:14 459 27 73 21.7 23.2 3.1 
15 :50:24 461 27 72.9 21.7 23.2 3.1 
15:50:34 463 27 73 .1 21.7 23.2 3.2 
15:50:44 386 26.9 73.1 21.7 23.2 3.1 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 8 
Test Abbreviation: Test 008 
Start Date: 13/05/2016 
Start Time: 15:52:19 
Duration 
( dd:hh:mm:ss ): 0:00:03:30 
Log Interval (mm:ss): 00:10 
Number of points: 21 
Notes: Test 008 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm degC %rh degC degC ppm 
Average: 440 27.5 71.6 21.9 23.5 3 
Minimum: 406 27.3 70.8 21.8 23.4 2.8 
Time of 
Minimum: 15:52:59 15:52:29 15:55:29 15:53:19 15:53:19 15:52:59 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 470 27.8 72.7 22 23.6 3.1 
Time of 
Maximum: 15:54:19 15:55:49 15 :52:29 15:55:19 15:55:19 15:53:39 
Time C02 T H Dewpoint Wetbulb co 
hh:mm:ss ppm degC %rh degC degC ppm 
15:52:29 466 27.3 72.7 21.9 23.4 2.9 
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15:52:39 449 27.3 72.5 21.9 23.4 2.9 
15:52:49 440 27.3 72.3 21.9 23.4 2.9 
15:52:59 406 27.3 72.1 21.9 23.4 2.8 
15 :53:09 432 27.3 71.8 21.8 23.4 2.9 
15 :53 :19 433 27.4 71.6 21.8 23.4 3 
15 :53:29 435 27.4 71.8 21.9 23.4 3 
15 :53:39 436 27.4 71.8 21.9 23.5 3.1 
15:53:49 434 27.5 71.8 21.9 23 .5 3 
15:53:59 431 27.5 71.7 21.9 23.5 2.9 
15:54:09 430 27.5 71.5 21.9 23.5 3 
15:54:19 470 27.6 71.4 21.9 23.5 3 
15:54:29 468 27.6 71.3 21.9 23.5 2.9 
15 :54:39 453 27.6 71.2 21.9 23.5 2.9 
15:54:49 447 27.6 71.3 22 23.5 2.9 
15 :54:59 439 27.7 71.2 22 23.6 3 
15:55:09 438 27.7 71.1 22 23.6 2.9 
15:55:19 433 27.7 71.1 22 23.6 3 
15:55:29 432 27.7 70.8 21.9 23.5 3 
15:55:39 436 27.7 70.9 22 23.6 3.1 
15:55:49 437 27.8 70.8 22 23.6 3 
Model Number: 7545 
Serial Number: T75451517001 
Test ID: 9 
Test Abbreviation: Test 009 
Start Date: 13/05/2016 
Start Time: 15:55:58 
Duration 
(dd:hh:mm:ss): 0:00:03:20 
Log Interval (mm:ss): 00:10 
Number of points: 20 
Notes: Test 009 
Channel: C02 T H Dewpoint Wetbulb co 
Units: ppm degC %rh degC degC ppm 
Average: 452 27.8 70.4 22 23.6 3.2 
Minimum: 448 27.8 69.8 21.9 23.6 3 
Time of 
Minimum: 15:59:18 15:56:18 15:59:08 15:59:08 15:56:28 15:57:28 
Date of 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 13/05/201 
Minimum: 6 6 6 6 6 6 
Maximum: 459 27.9 71.7 22.2 23.8 3.5 
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Time of 
Maximum: 
Time 
hh:mm:ss 
15:56:08 
15:56:18 
15:56:28 
15:56:38 
15:56:48 
15:56:58 
15:57:08 
15:57:18 
15:57:28 
15 :57:38 
15:57:48 
15:57:58 
15:58:08 
15:58:18 
15:58:28 
15:58:38 
15:58:48 
15:58:58 
15:59:08 
15:59:18 
APPENDIX B 
15:56:08 15:59:18 15:56:08 15 :56:08 15:56:08 15:58:28 
C02 T H Dewpoint Wetbulb co 
JJpm degC %rh degC degC ppm 
459 27.8 71.7 22.2 23.8 3.1 
454 27.8 70.8 22 23.6 3.1 
452 27.8 70.3 21.9 23.6 3.1 
451 27.8 70.7 22 23.6 3.1 
452 27.8 70.7 22 23.6 3.1 
453 27.8 70.6 22 23 .6 3.1 
449 27.8 70.5 22 23.6 3.1 
451 27.8 70.6 22 23 .6 3.1 
452 27.8 70.7 22 23 .7 3 
456 27.8 70.7 22 23.7 3.1 
456 27.9 70.6 22 23.6 3.1 
455 27.9 70.4 22 23 .6 3.2 
454 27.9 70.3 21.9 23 .6 3.2 
452 27.9 70.1 21.9 23.6 3.5 
451 27.9 70 21.9 23.6 3.5 
450 27.9 70 21.9 23.6 3.4 
451 27.9 69.9 21.9 23.6 3.5 
450 27.9 69.9 21.9 23.6 3.3 
450 27.9 69.8 21.9 23.6 3.4 
448 27.9 69.9 21.9 23.6 3.2 
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